Summary: We have developed a new technique for the morphological differentiation of various nerve fibers which is especially suitable for the morphometric study of nerve fibers of the human nervous system with the help of an imageanalyzer. The knowledge from findings by this technique, which is based on several study methods, may be of importance in promoting further neuromorphologic studies and in properly understanding various aspects of neurological symptomatology and the aging process of the nervous system including nerve fibers.
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There are at least two kinds of nerve fibers: central and peripheral. And for each of them, there are myelinated and unmyelinated nerve fibers. As far as the myelinated nerve fibers are concerned, various staining methods for myelin sheaths have been used, for example: Weigert's method, Luxol fast blue-cresyl violet stain (Kliiver-Barrera's method), etc. Up to now, however, no staining method was available for unmyelinated nerve fibers, except for transmission electron microscopy. Reports on the evaluation of nerve fibers1-21) are rather limited in numbers except for our contributions2-4, [6] [7] [8] 11, 12, [15] [16] [17] [18] [19] [20] [21] .The purpose of this paper is to introduce two discriminative staining methods with discussion on the modifications required in order to differentiate the various types of nerve fibers described above. These methods not only differentiate various nerve fibers, but also produce good results from the view point of morphometry.
Material and Methods
Prior to the dissection, 37 human corpora without neurological symptoms and neuropathological changes aged from 41-97 years were injected with a 3.7% formaldehyde solution using a pulsation pump from the femoral artery, with the internal jugular and femoral veins opened for the purpose of drainage on both sides.
After removal of the whole length of the spinal cord wrapped with the dura mater, the first lumbar (L1) level segment with the ventral and dorsal roots was cut off from the spinal cord for the histological preparation. All the Li segments were immersed in the 3.7% formaldehyde solution for more than one week, followed by transfer into a secondary fixative solution composed of 5% potassium chromate and 5% potassium dichromate (4 : 1 in volume) for two weeks at room temperature and for an additional one week at 37 °C4). The Li segments were washed in tap water using a pipett-washer with siphon mechanism. Then, the tissue blocks were transferred into graded alcohol for dehydration purpose to embed in celloidin. The celloidin blocks embedding the Li segment and spinal roots were transversely sliced at 20 pm thickness for the staining with various staining methods such as Goto's modification of Masson-Goldner's method (MGG method)'", Luxol fast blue-periodic acid-Schiff (LPH) stain') and Luxol fast blue-cresyl violet stain (Kliiver-Barrera's method: KB method). Some modifications due to the recent change of embedding material from celloidin to pure-form 10% nitrocellulose (Shiojirin) are discussed briefly in the Discussion section. The shrinkage ratios during the preparation of histology sections amounted to 10 + 0% in length according to our researches2-4, [6] [7] [8] 11, 12, [15] [16] [17] [18] [19] [20] [21] .
Results
In the results of this study, the findings concerning nerve fibers refer mainly to comparisons of the central nervous system (posterior funiculus) and the peripheral nervous system (dorsal root). In 37 Li-segments, the staining results are considered to be practically identical. We will therefore restrict our explanation to the findings from three selected cases.
Microscopic Findings by the MGG Method
Microscopic findings by the MGG method may be the most persuasive among the several methods we examined. The axons are stained in black or dark purple ( Figs. 1 and 2 ). The myelin sheaths surrounding the axon appeared faint orange in color for the central nervous system (posterior funiculus, Fig. 1 ), but scarlet for the peripheral nervous system (dorsal root, Fig. 2 ). Intervening connective tissue appeared light blue in color for both nervous systems, and its nuclei and oligodendrocytes appeared dark blue. Unmyelinated axons can be observed under high-power view in the dorsal root (Fig. 2) , but cannot be observed in the posterior funiculus (Fig. 1) .
Microscopic Findings by LPH Stain
Microscopic observations of LPH-stained sections reasonably showed a similar appearances to those stained by the MGG method. The axons were stained black or dark purple (Figs. 3 and 4) . The myelin sheaths around the axon were light blue in color in the posterior funiculus (Fig. 3) , while those in the dorsal root were comparatively darker (Fig.  4) . In the central and peripheral nervous systems, intervening connective tissue and oligodendrocytes were stained reddish brown in color (Figs. 3 and 4) . Unmyelinated axons can be observed in the peripheral nerve (Fig. 4) , while they cannot be found in the central nervous system (Fig. 3) .
Microscopic Findings by KB Stain
KB stain couldn't show any axon in the central (Fig. 5 ) or in the peripheral (Fig. 6 ) nervous systems, although it disclosed the myelin sheaths (Figs. 5 and 6 ). It means that no unmyelinated axons can be seen.
Discussion
For the morphological differentiation of nerve fibers, several important points are discussed below.
(1) All the axons should be stained clearly irrespective of whether they belong to central or peripheral nerve fibers. We could find no alternative to the two methods mentioned above (MGG method and LPH stain) to make a clear stain of the axons from the view point of morphometry. Although a silver impregnation technique such as the method of Bielschowsky can demonstrate axons well, it always results in severe shrinkage of axons. It is obviously not suitable for morphometric research.
(2) All the myelin sheaths of myelinated nerve fibers should be stained satisfactorily. Otherwise, it is rather difficult to judge the presence of unmyelinated axons properly. In this connection, the silver impregnation methods cannot usually demonstrate myelin sheaths.
(3) Discriminative evaluation of myelin sheaths between central type and peripheral type, should be conducted whenever it is possible. Before the report of discriminative staining methods4), there was no means to distinguish between myelinated axons and unmyelinated axons except by using transmission electron microscopy, in which case, good results from human material are very difficult to obtain.
(4) The following components should be discriminated clearly: connective tissue, blood vessels, blood corpuscles and other structural elements (glial cells, Schwann cells and ependymal cells). The knowledge based on such findings are necessary to evaluate and to exclude pathological conditions properly.
(5) The shrinkage ratio in preparing tissue sections should be small enough and should not vary widely (for instance, the shrinkage ratio of our preparation amounts to 10 + 0% in length). Otherwise, we cannot compare or properly evaluate different sections, organs and individuals from the morphometric point of view.
(6) Because of the recent suspension of production of celloidin in Japan, we are obliged to substitute 10% nitrocellulose solution in pure form (Shiojirin, Showa Ether Co) as embedding material for celloidin. In such case, some parts of the staining techniques should be altered. For example, in staining sections by the MGG method, the staining time should be changed from one minute to at least 50 minutes in both the solution of fuchsin-ponceau mixture and the solution of phosphomolybdic acid Drange G. Moreover, the rinsing solution, after these dyeing solutions, should be changed from 1% acetic acid to 0.1% saturated lithium carbonate. The rinsing time should be limited to a few seconds. These changes are minor but are indispensable to produce good staining quality with the MGG method, because otherwise the original technique will not function at all.
As a conclusion, we can recommend the MGG method as first choice, and LPH stain as secondary choice for the differentiation of nerve fibers such as central, peripheral, myelinated and unmyelinated, especially for the purpose of morphometry with the help of an image-analyzer. 
